Klebsiella aerogenes is an important pathogen in healthcare-associated infections. 20 Nevertheless, in comparison to other clinically important pathogens, K. aerogenes population 21 structure, genetic diversity, and pathogenicity remain poorly understood. Here, we elucidate K. 22 aerogenes clonal complexes (CCs) and genomic features associated with resistance and 23 virulence. We present a detailed description of the population structure of K. aerogenes based 24 on 97 publicly available genomes by using both, multilocus sequence typing and single 25 nucleotide polymorphisms extracted from core genome. We also assessed virulence and 26 resistance profiles using VFDB and CARD, respectively. We show that K. aerogenes has an 27 open pangenome and a large effective population size, which account for its high genomic 28 diversity and support that negative selection prevents fixation of most deleterious alleles. The 29 population is structured in at least ten CCs, including two novel ones identified here, CC9 and 30 CC10. The repertoires of resistance genes comprise a high number of antibiotic efflux proteins 31 as well as narrow and extended spectrum β-lactamases. Regarding the population structure, we 32 identified two clusters based on virulence profile due to the presence of the toxin-encoding clb 33 operon and the siderophore production genes, irp and ybt. Notably, CC3 comprises the majority 34 of K. aerogenes isolates associated with hospital outbreaks, emphasizing the importance of its 35 constant monitoring. Collectively, our results can be useful in the development of new 36 therapeutic and surveillance strategies worldwide.
INTRODUCTION
PANGENOME ANALYSIS 134 We found that K. aerogenes has an open pangenome with a total of 18,268 gene families 135 (Figure 1a) , indicating a high level of genetic diversity and allowing us to predict that many 136 more additional gene families will be detected as new genomes are sequenced. The open 137 pangenome of K. aerogenes is also in line with its sympatric lifestyle [2] . That is, due to living 138 in communities with a high diversity of microorganisms, it tends to acquire novel genes by 139 HGT. A previous study estimated the K. aerogenes Ne in 338,041,563.813 [21] . As discussed 140 above, such high Ne is an evidence of strong purifying selection, favoring the retention of 141 numerous accessory genes (including those acquired from HGT) that could ultimately account 142 for the open pangenome of this species. 143 The K. aerogenes core genome has a total of 3,766 genes ( Figure 1a ). In other words, 20.61% 144 of the pangenome is associated with intrinsic physiological traits that evolve vertically and 145 under strong purifying selection due to their essentiality [30, 31] . We used 264,006 SNPs in the 146 core genome to perform a maximum likelihood phylogenetic reconstruction (Figure 1b ), which 147 showed that some clusters are distant from the main part of the population, supporting the intra-148 specific diversity of K. aerogenes. 149 In order to estimate the efficiency of selection in K. aerogenes, we calculated syn = 0.05 and 150 dN/dS = 0.04, which corroborate previous findings and explain the high Ne discussed above. In 151 fact, dN/dS has been shown to be a robust proxy of Ne [19] . Because the dN/dS is quantitatively 152 different when individuals from the same species are analyzed, the classical signatures of dN/dS 153 < 1 as indicating weak negative selection in divergent populations have a different interpretation 154 in intraspecific studies [20] . According to the ranges determined in a previous study [20] , our 155 results indicate that K. aerogenes evolves under a strong negative selection.
The accessory genome is composed by medium-and low-frequency genes. A total of 1,549 157 genes were found between 15% and 94% of the population and 12,953 genes were present in 158 ≤15% of the genomes. The abundance of rare genes further reflects the genome plasticity of K. 159 aerogenes and probably play roles in niche adaptation and ecological dynamics, in particular 160 because of their localization in genomic islands or plasmids containing transposases and 161 integrases [32, 33] . This finding is also in line with our results presented above on the 162 prevalence of plasmids harboring toxin-antitoxin systems (>50%), which that likely allow K. 163 aerogenes to exploit new niches by increasing its competitiveness, fueling the emergence of STs, 25.7% belong to a known CC. We locally updated this database with 33 new STs and two 170 new CCs, which we named CC9 and CC10 ( Supplementary Table 5 ). According to our updated 171 MLST analysis of sequenced isolates, at least 10 CCs compose the K. aerogenes population 172 structure ( Figure 2 ): CC1 (n = 16); CC2 (n = 8); CC3 (n = 33); CC5 (n = 5); CC7 (n = 2); CC8 173 (n = 1); CC9 (n = 4); CC10 (n = 11). Further, it was not possible to assign a CC to 19 isolates, 174 which were called NOCC. We were unable to recover isolates from CC4 and CC6. Importantly, 175 ANI analysis confirmed the genetic distance from CC10 and CC9 to other CCs (Supplementary 176 figure 1 ).
177
To increase the resolution arising from the use of few genes in the traditional MLST 178 technique, we also used the SNPs from the core genome to perform a cgMLST structure ( Figure  1b ). This analysis improved the discriminative power of each CC and allowed us to better define 180 the population structure of K. aerogenes. Importantly, the same population structure was 181 inferred with both methods, supporting the presence of at least 10 CCs.
182
The most prevalent STs were ST93 and ST4, with ~27% and ~13% of the isolates, In addition to its importance in pathogen surveillance, CC determination is also critical in 190 evolutionary studies. For example, CC3 is the one with the greatest number of isolates and has 191 ST93 as its founder genotype ( Figure 2 ). The term founder ST derives from population genetics 192 to describe situations where low population diversity gives rise to a genotypically related group.
193
Thus, the founder ST helps understand the evolutionary trajectory of a given CC ( Figure 2 ).
194
ST155 is the predicted founder of CC10, which has GN04835 as its most basal member ( Figure   195 1b), being associated with its diversification. This pattern is also observed for the other CCs, 196 allowing a better understanding of the diverse resistance and virulence profiles found in the K. 197 aerogenes population, as we show in the next sections We found a total of 94 and 95 antimicrobial resistance genes the K. aerogenes core and 202 accessory genomes, respectively; these gene sets were called core and acquired resistome, 203 respectively ( Supplementary table 6 ). Regarding the core resistome, we confirmed CMY-108 204 as the chromosomal constitutive AmpC -lactamase, whose overexpression leads to 205 cephalosporin resistance [34] . Another core gene conferring resistance against -lactams is that 206 encoding the outer membrane porin OmpK37, originally associated with lower membrane 207 permeability to the antibiotic in K. pneumoniae [35] . Other core genes were predicted to confer 208 resistance against aminocoumarin, aminoglycosides, macrolides, fosfomycin, 209 fluoroquinolones, sulfonamides and tetracyclines (Figure 3c , Supplementary table 6 ).
210
A range of MDR efflux pumps (e.g AcrAB-TolC, AcrD, EmrAB-TolC, MacAB-TolC, 211 MdtABC, OqxAB, RosAB) compose the main resistance mechanism encoded by the core In addition to proteins directly involved with resistance, we also identified regulators that 221 control the expression of resistance genes. This gene set includes: BaeRS, the two-component that might increase antibiotic efficacy and even allow the resurrection of obsolete antibiotics.
228
As opposed to the core resistome, acquired resistance genes are often found associated with 229 mobile elements, suggesting their origin via HGT. The main resistance mechanism found in the based on antibiotic classes that they confer resistance to (Figure 4) , we found, for example, that 238 CC10 tend to be more resistant against aminoglycosides. factors that were not common for all isolates were highly variable in terms of frequency across 254 genomes ( Figure 6; Supplementary table 7,) . reversible (GTR) model and gamma correction specifying the use of only variable sites as input.
One thousand bootstraps replicates were generated to assess the significance of internal nodes.
318
The estimation of syn and dN/dS were conducted with Mega X [67]. are proportional to ST frequencies. We were unable to recover samples from CC4 and CC6.
557
The two new CCs identified here (CC9 and CC10) are also represented. 
